Polyploidy is comparatively prevalent in amphibians and fishes, but is infrequent in animals 24 because of lethality after implantation. On the contrary, tetraploid embryos normally develop into 25 blastocysts, and embryonic stem cells can be established from tetraploid blastocysts in mice.
INTRODUCTION
and increased flexibility and strength of tissues in plants and non-mammalian animals, which 7 mice for the first time. These results suggested that although the genome volume of the 119 hexadecaploid cell was eight-fold, compared to that of a diploid cell, hyperpolyploid embryos, 120 such as the hexadecaploid embryo, still maintain the ability to develop to blastocyst stage 121 embryos similar to other lesser polyploid embryos. Consistent with these results, our 122 experiments also showed that the developmental ratio decreased significantly in the 123 hexadecaploid embryos. The development of octaploid embryos is affected by an increase in 124 apoptosis, autophagy, and epigenetic modification (Wu et al., 2017) , which indicates that higher 125 the ploidy level, more severe the damage to embryogenesis from these intracellular alterations To acquire molecular information regarding key factors of the blastocyst, indirect 131 immunofluorescence and gene expression analyses were performed in these polyploid 132 blastocysts ( Fig. 2A, B , and C). Indirect immunofluorescence for CDX2 (a trophectoderm 133 marker) of blastocyst stage embryos (embryonic day 4.5) indicated that trophectoderm-specific 134 molecules were expressed at the protein level in all polyploid blastocysts, similar to their 135 expression in diploids ( Fig. 2A ). We also performed indirect immunofluorescence for OCT3/4 136 (an inner cell mass marker), which localizes in tetraploid and octaploid blastocysts, but not in 137 hexadecaploid blastocysts ( Fig. 2B ). To elucidate the transcriptional levels of these various 138 polyploidy levels in the blastocyst embryo in detail, we performed RT-PCR analyses for Gata6 139 (a primitive endoderm marker) and Nanog (an epiblast marker), in addition to Cdx2 and Oct3/4.
140
The transcriptional analyses indicated that Cdx2 mRNA was detected in all polyploid embryos; 8 expressed in the hexadecaploid blastocysts ( Fig. 2C ) The data implies that the inner cell mass 143 was absent in hexadecaploid blastocysts in mice.
144
Tetraploid blastocysts can be classified into two groups, based on the presence or 145 absence of the inner cell mass in mice (Wen et al., 2014) . If the number of cells in an embryo is 146 artificially increased in the four-cell stage embryo, the ratio for the presence of the inner cell 147 mass increases in tetraploid embryos (Wen et al., 2014) . In mouse octaploid embryos, the 148 number of cells with inner cell mass decreases significantly, and these cells also have more 149 variety compared to that of diploid embryos in blastocysts (Wu et al., 2017) . We have 150 successfully established tetraploid embryonic stem cells (TESCs) from mouse tetraploid 151 blastocysts; however, the efficiency of the establishment of TESCs (15%; (Imai et al., 2015) . We have shown that the 153 substantial tolerability for the maintenance of the characterization as embryonic stem cells is 154 sustained, despite an increase in the genome volume in mouse tetraploid embryonic stem cells 155 (Imai et al., 2015) .
156
Embryonic stem cells established from the inner cell mass can sustain the pluripotency for and transcripts in hyperploid, hexadecaploid blastocysts, which indicates two possibilities. The possibility for the disappearance of the inner cell mass in hexadecaploid blastocysts is that the 170 larger genome volume might impair intrinsic acquirement of pluripotency through the inner cell 171 mass.
173

Aggregation recovers the inner cell mass in hexadecaploid embryo
174
To test these hypotheses for the absence of the inner cell mass in hexadecaploid embryos, we 175 first produced an aggregated embryo from hexadecaploid embryos. Four separated 176 hexadecaploid embryos, whose zona pellucida was removed, were aggregated together in a 177 small hole, made by a needle on a plastic culture dish for physical attachment, and the 178 aggregated hexadecaploid embryo was cultured until embryonic day 4.5 (Fig. 3A ). After 12 179 hours of culture, the resulting aggregated hexadecaploid embryos continued to develop into a 180 single morula embryo ( Fig. 3B ). Indirect immunofluorescence indicated that for the localization 181 of OCT3/4, inner cell mass-specific molecules were recovered at the protein level in the 182 aggregated hexadecaploid blastocysts at the inner cell mass, similar to the localization of these 183 in diploid, tetraploid, and octaploid embryos ( Fig. 3C ). We further confirmed the transcriptional 184 levels of inner cell mass-specific molecules in the aggregated hexadecaploid blastocysts using 185 RT-PCR analysis for the Oct3/4, Nanog, Gata6, and Cdx2, which indicated that the expression 186 levels of the Oct3/4, Nanog, and Gata6 were clearly recovered in the aggregated hexadecaploid improves the cloning efficiency and embryo quality, which also indicates that the number of total 213 cells is a factor for the early mammalian embryo (Buemo et al., 2016) . In this study, we produced hyperpolyploid embryos by consecutive electrofusion in mice to 226 examine whether hyperpolyploidization affects early mammalian development and to further 227 comprehend the tolerability of polyploidization in sustaining plasticity for early mammalian 228 development. We found that the inner cell mass was absent in a single hexadecaploid 229 blastocyst; however, complementing the number of total cells of the embryo made the early 230 mouse embryo recover pluripotent cells in the hexadecaploid blastocyst. These results indicated 231 that a preimplantation embryo may have a higher plasticity to adapt to repeated polyploidization, 232 if the number of total cells of an embryo is enough to organize the whole blastocyst embryo in 233 the preimplantation stage of mammals. Our data also implies that the early mammalian embryo 1 2 such as the number of total cells of an embryo are sufficiently qualified for the maintenance of 236 blastocyst differentiation. 1 1 4 sample was quantitatively measured using a spectrophotometer (Thermo Fisher Scientific), and 263 the cDNA was synthesized from 1 μ g of total RNA with a QuantiTect Reverse Transcription Kit 264 (Qiagen) . Table S2 lists the primers used to detect Gapdh, Nanog, Oct3/4, Cdx2, and Gata6. each the forward and reverse primers. The amplification protocol consisted of 95°C for 10 min, 
Non-aggregated
Hexadecaploid blastocysts Fig. 3 Compensation for the number of total cells for development in mouse hexadecaploid embryos. A) Method scheme for generation of multiple aggregated hexadecaploid embryos. After removing the zona pellucida, four separated hexadecaploid embryos were aggregated in a hole and cultured until embryonic day 4.5. B) Bright field images of the aggregated hexadecaploid embryo. Four separated hexadecaploid embryos (left; arrow head) were cultured in a small hole. After 12 hours, these hexadecaploid embryos were fused as a single embryo, and the aggregated embryo finally developed into a morula embryo (right). C) Immunofluorescence of OCT3/4 in the aggregated hexadecaploid embryo. OCT3/4 was localized at the inner cell mass of the aggregated hexadecaploid blastocysts. DNA was stained with Hoechst 33342. Scale bar; 50 µm. DRT-PCR analyses of the aggregated hexadecaploid blastocyst. Oct3/4, Nanog, and Gata6 genes were clearly recovered in the aggregated hexadecaploid blastocysts, compared to the nonaggregated hexadecaploid blastocysts. 
